Six months ago, Alastair Simpson and Andrew Roger published in these pages a primer on "The real 'kingdoms' of eukaryotes". This Primer should be seen as a companion to theirs, addressing not only the currently accepted classification of prokaryotes, but also the inferred evolutionary relationships among prokaryotes -Bacteria and Archaea -and between them and eukaryotes. It may seem surprising in this postgenomic era that these are still areas of active research and vigorous controversy. The relationships are not simple ones, however, and there is legitimate disagreement, at the philosophical level, about how the complexities should be dealt with to produce the best 'natural classification'.
Proteobacteria subdivisions. Even for previously recognized phyla, SSU rRNA sequencing provides the advantage of quick identification and the ability to define within-phylum phylogenetic relationships down to the level of 'species' in a uniform way.
Furthermore, molecular sequencing does not require strain isolation and culturing, as phenotyping does. Cultureindependent approaches, developed first in Norman Pace's lab, have revolutionized microbial ecology just as radically as Woese's vision and hard work transformed microbial classification. PCR amplification and sequencing of DNA prepared straight from environmental or clinical samples allows the identification of bacteria and archaea which have not been and possibly cannot be culturedindeed which may have never been seen! Half the bacterial phyla are known only in this way, as is a basal group of Archaea, the Korarchaeota. Also, it was through sequencing of environmental DNA that we first learned that archaea are not all extremophiles: indeed, pelagic crenarchaeota make up 20% of the picoplankton in the world ocean.
Although there are some fairly well-supported groupings of bacterial phyla in the SSU rRNA tree, the tree overall shows a 'star phylogeny' for bacteria. It is as if most bacterial phyla emerged over a very short period of evolutionary time, a 'big bang' adaptive radiation (analogous to the Cambrian explosion of metazoan body design) made possible, perhaps, by refinements in efficiency and integration of the cellular machinery. But a serious alternative explanation is just that the tree is unresolved: there is too little phylogenetic signal in genes to allow reconstruction of such ancient evolutionary branchings.
The Bacterial/Archaeal dichotomy has been widely accepted for more than two decades, during which there has been steady progress in the molecular biology of representatives of both domains, most striking for the Archaea, about which little was previously known. What has this added to our understanding of their unique character? On the other hand, many operational genes (for anabolism and catabolism, structure and communication) are patchily distributed within both prokaryotic domains, in a fashion that can best be explained by inter-domain LGT. One-quarter of the genes of the hyperthermophilic bacterium Thermotoga maritima appear to be derived from (have their closest match in) archaea, while nearly a third of the genes of the euryarchaeote Methanosarcina mazei look to be bacterial. There is unquestionably a diverse pool of genes functioning in energy metabolism, the formation and degradation of small metabolites, regulation of gene expression and such key environmental processes as nitrogen fixation, from which both bacteria and archaea have drawn. We might see the genes in this pool as software, readable by two different kinds of hardwarethe bacterial and archaeal Genomic signatures were identified using the Group-specific genome query available at www. 
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